INTRODUCTION
PTX (Paclitaxel ® ) is an antineoplastic agent used for the treatment of a variety of solid tumours, including ovarian carcinoma [1] . Despite a significant initial response rate to first-line therapy (surgery plus platinum and taxanes-based chemotherapy), many ovarian cancer patients relapse and less than 15 % are long-term survivors [2] . Resistance to PTX has been observed in tumours, representing a major impediment to the successful use of this agent in cancer treatment, and it was found to be associated with the common phenomenon of MDR (multidrug resistance) [3] . In order to investigate mechanisms of PTX-multifactorial acquired resistance in ovarian cancer, we derived a new stable PTX-resistant human ovarian carcinoma cell line, CABA-PTX [4] , from the parental cell line CABA I [5] . Remarkably, PTX-resistance in these cells is not related to an overexpression of P-gp (P-glycoprotein) and MRP (MDR-associated protein) 1 and 2, usually regarded as hallmarks of the MDR phenotype.
Since apoptosis often represents the final common event in chemotherapy-induced cell death, insight into the mechanisms of drug resistance can be gained from a better understanding of the pathways involved in drug-induced apoptosis in tumour cells. Indeed, defects in the apoptotic pathway have been observed to confer insensitivity to the cytotoxic effects of chemotherapy and may therefore represent an important mechanism for the development of chemoresistance [6] .
Cer (ceramide, N-acyl-sphingosine), the central molecule of sphingolipid metabolism, has been recognized as a cellular second-messenger involved in triggering apoptotic/necrotic events in many normal and cancer cells [7] . In particular, Cer seems to be the mediator of apoptosis induced by a variety of antitumour therapeutics in drug-sensitive tumour cell lines, including human ovarian carcinoma cells [8] . Several findings suggest that alterations in Cer metabolism could be at least in part responsible for the acquisition of an MDR phenotype in cancer cells [9] . Some drug-resistant tumour cell lines reportedly escape Cer-mediated cell death by converting Cer into GlcCer [β-Glc-(1 → 1)-Cer]. Indeed, high levels of GlcCer and of GCS (GlcCer-synthase) were found in drug-resistant cell lines [10] [11] [12] and in specimens from cancer patients unresponsive to chemotherapy [13] . Based on these observations, it has been proposed that the balance between Cer production and its scavenging by glycosylation might represent the critical point in regulating the sensitivity of tumour cells to chemoterapeutic agents.
On the other hand, Cer can be converted into a variety of complex metabolites and several other steps in the pathway of sphingolipid metabolism are altered in drug resistant tumour cells. In MDR-2780AD human ovarian carcinoma cells, not only GlcCer, but all direct biosynthetic products of Cer were present at higher levels than in drug-sensitive parental cells, whereas the levels of complex sphingolipids downstream of GlcCer, were decreased [12] . In human neuroblastoma cell lines, differential P-gp and MRP1 expression and activity are accompanied by differential sphingolipid metabolism [14] . In fenretinide-resistant A2780
-synthase} is markedly upregulated, leading to ganglioside levels that are 6-fold higher than in sensitive cells [8] .
In the present study we report that: i) PTX-induced apoptosis is correlated with Cer generation, by SM (sphingomyelin) hydrolysis through acid SMase (sphingomyelinase); ii) PTX-resistance is associated with the lack of a drug-induced increase in Cer levels, that is not due to enhanced Cer glycosylation and iii) a large alteration in the sphingolipid accumulation pattern is a hallmark of the acquisition of resistance.
MATERIALS AND METHODS

Cell lines
CABA I human ovarian carcinoma cells [5] are an adherent cell line. Cells were grown as monolayers in RPMI 1640 medium with 5 % FCS (foetal calf serum) (Euroclone) culture medium, 2 mM glutamine, 100 units/ml penicillin and streptomycin. Resistant CABA-PTX cell lines [4] , were grown in the same conditions and in the continuous presence of PTX at a concentration of 500 ng/ml (0.585 µM; Sigma-Aldrich, Milano, Italy). All experiments were conducted using cells in the logarithmic phase of cell proliferation.
Lipids and radioactive lipids
Sphingolipids to be used as standards were extracted from rat brain, purified and characterized; gangliosides were extracted from bovine brain and purified by partitioning. Sphingosine [(2S,3R,4E)-2-amino-1,3-dihydroxy-octadecene] was prepared from cerebroside. [ 
3 H]octadecene; radiochemical purity over 98 %; specific radioactivity 2.1 Ci/mmol} was prepared by specific chemical oxidation of the primary hydroxyl group of sphingosine followed by reduction with sodium boro [ 3 H]hydride (Amersham Biosciences; specific radioactivity 12.0 Ci/mmol). Labelled C 16 -Cer { [1- 3 H(sphingosine)]N-palmitoylsphingosine; radiochemical purity over 99 %; specific radioactivity 2.1 Ci/ mmol} was prepared by N-acylation of [1- 3 H]sphingosine using hexadecanoic anhydride [8] . SM tritium-labelled at position 3 of sphingosine, ( [3- 3 H]sphingosine-SM; radiochemical purity 98 %, specific radioactivity 0.37 Ci/mmol) was prepared by the dichlorodicyanobenzoquinone/sodium borohydride method [8] , and the natural erythro-diastereoisomer was purified by reverse phase HPLC as described [15] . [ 3 H]lipids used as chromatographic standards were prepared from [1- 3 H]sphingosine-fed cell cultures as previously described [16] .
Flow cytometric analysis
In all experiments, CABA I and CABA-PTX cells were kept subconfluent to avoid contact inhibition. The cells were treated with PTX alone (0.3-2 µg/ml) or in combination with the different agents tested, such as 50 µM FB1 (fumonisin B1), 20 µM monensin, 50 µM IMP (imipramine hydrochloride), 50 µg/ml D609, 20 µM GW4869, 1 µM ManA (manumycin A) and 10 mM GSH (all from Sigma-Aldrich, Milano, Italy).
Adherent cells were trypsinized, pooled with the culture supernatant containing the apoptotic cells that were detached from the dish, and centrifuged. Cells (1 × 10 6 ) were washed in PBS and fixed by the addition of 1 ml of 70 % ethanol. After 30 min, the cells were pelleted by centrifugation (720 g; 5 min), and resuspended in 1 ml of DNA staining solution (PBS containing 200 µg/ml RNAase A, 20 µg/ml propidium iodide and 0.1 % Triton X-100) and stained by incubation at room temperature for 60 min. All cells were then counted on a FACScan flow cytometer (Becton Dickinson) with an argon laser at 488 nm for excitation and analysed using Cell Quest software (Becton Dickinson).
Growth inhibition assay
Cytotoxicity of C 6 -Cer (N-hexanoyl-sphingosine) was determined for both cell lines. Cell viability was determined by the XTT/PMS (tetrazolium/phenazine methosulphate) cell-viability dye assay (Sigma-Aldrich, Milano, Italy). Briefly, CABA I and CABA-PTX cells were plated onto flat-bottomed 96-well plates (Nunc) and cultured in RPMI 1640 medium supplemented with 5 % FCS for 72 h (CABA-PTX) in the presence or absence of serial Cer dilutions before addition of a 50 µl aliquot of XTT/PMS solution (final concentrations 50 and 0.38 µg/ml respectively) and incubated for 4 h at 37
• C. Plates were read on a microplate ELISA reader at absorbance 450 nm. To exclude any effects from continuous PTX exposure on the assays, CABA-PTX cells were grown in PTX-free medium for 2 days before the assay. C 6 -Cer was purchased from Sigma and tested at a concentration range of 2-40 µM.
The IC 50 value was calculated using a linear regression analysis of the dose response curves and reported as means + − S.D. for at least 3 independent experiments.
DNA fragmentation assay
Total DNA was extracted according to the method of Lee and Shacter [17] . Briefly, after treatment cells were harvested, washed with PBS and lysed with lysis buffer [10 mM Tris/HCl (pH 7.8), 10 mM EDTA, 0.5 % Triton X-100 and 200 µg/ml proteinase K]. After DNA was precipitated with isopropanol, it was then resuspended in a Tris/EDTA solution. Samples were resolved by electrophoresis on a 1.5 % agarose gel and visualized by ethidium bromide staining and UV transillumination. After seeding (24 h), cells were incubated in the presence of 3 × 10
3 H]octadecene}, (5 ml/dish; labelled sphingosine, specific radioactivity 23.00 Ci/mmol, was from Pelkin Elmer, Boston, MA, U.S.A.) in culture medium for 2 h (pulse), followed by a 48 h chase in medium without radioactive sphingosine. Under these conditions all sphingolipids (including Cer, SM, neutral glycolipids and gangliosides) were metabolically radiolabelled [8, 16] .
Lipid extraction and determination
In the experiments described above, at the end of the treatment period, cells adherent to the dishes were harvested in ice-cold water (2 ml) by scraping with a rubber policeman. Cells floating in the culture medium were collected by centrifugation. Adherent and floating cells were analysed to determine lipid-associated radioactivity content. Samples were freeze-dried and lipids were extracted and subjected to a two-phase partitioning as previously described [8] , resulting in the separation of an aqueous phase containing gangliosides and an organic phase containing all other lipids. Aliquots of total lipid extracts, aqueous and organic phases, were analysed by HPTLC as described below followed by radioactivity imaging for quantification of radioactivity. Identity of radioactive lipids separated by HPTLC (using HPTLC Silica Gel 60 plates from Merck, Germany) was assessed by comigration with standard lipids and confirmed as previously described [18, 19] .
Enzymatic assay
For acid and neutral SMase assays, cells cultured as described above were harvested using a plastic scraper and washed twice with PBS. Cells were lysed in 0.2 % (v/v) Triton-X 100/H 2 O for 10 min at 4
• C and then sonicated 3 times for 10 s. For the ceramidase assay, cells cultured as described above were harvested using a plastic scraper and washed twice with PBS. Cells were resuspended in 20 mM Tris/HCl (pH 7.4), 20 mg of cellprotein/ml, with protease inhibitors [2 mM 4-(2-aminoethyl)-benzenesulphonyl fluoride, 0.0016 mM aprotinin, 0.044 mM leupeptin, 0.08 mM bestatin, 0.03 mM pepstatin A and 0.028 mM E-64] (Sigma) and homogenized with a Dounce homogenizer (10 strokes, tight). The activity of ceramidases, and acid and neutral SMases was assayed as previously described [8, 20, 21] .
Radioactive lipids were detected and quantified by radioactivity imaging performed with a Beta-Imager 2000 (Biospace, Paris, France) using an acquisition time of approx. 70 h. The radioactivity associated with individual lipids was determined with specific β-Vision software provided by Biospace.
Real-time PCR analysis
Real-time PCR was performed with cDNA synthesized from 5 µg of RNA using the ImProm-II TM Reverse Transcription System kit (Promega) according to the manufacturer's instructions. RNA was isolated using the SV Total RNA Isolation System (Promega). Independent measurements (three per sample) were performed using 2 µl of cDNA as the sample. For PCR reactions, light cycler Fast Start DNA Master SYBR ® Green (Roche) was used.
Primers employed for PCR amplifications are as follows: GCS, forward TTCGTCCTCTTCTTGGTGCT, reverse AGACACC-TGGGAGCTTGCTA (115 bp); GM3S forward CCCTGAA-
forward TACATCTTCCCCGTCTACCG, reverse CCCC-ATAGGGGAATTCATTT (178 bp); GAPDH (glyceraldehyde-3-phosphate dehydrogenase) forward GGCCTCCAAGGAGTA-AGACC, reverse AGGGGTCTACATGGCAACTG (147 bp). The comparative CT method was used to calculate the expression levels of RNA transcripts. The quantified individual RNA expression levels were normalized to the respective GAPDH expression levels. Because we measured the relative RNA expression levels, the CABA I expression level was set at 1.
RESULTS
PTX-induced apoptosis in CABA I and CABA-PTX cells
Previously we described marked differences in PTX sensitivity for CABA I (IC 50 , 800 ng/ml PTX) and CABA-PTX cells (IC 50 , 256 000 ng/ml PTX) [4] . In the present study, we have investigated whether the cytotoxic effect of PTX in these cells might be due to the induction of apoptosis.
Both cell lines were treated with PTX at different concentrations (0.3, 0.8 and 2 µg/ml) and for different times (24, 48 and 72 h). Flow cytometric analysis of cells floating in the culture medium indicated that exposure to PTX induced apoptosis in a dose-and time-dependent manner in CABA I cells. Apoptosis was maximal at 72 h, with 2 µg/ml PTX (66 % of cells were apoptotic); no evidence of apoptosis was observed in untreated cells and in adherent treated cells ( Figure 1A ). According to these results, gel electrophoresis of DNA extracted from cells floating in the culture medium following 72 h of treatment with 2 µg/ml PTX, showed low molecular mass DNA fragments typical of apoptotic cells (Figure 1B, lane F) ; no DNA fragmentation was observed in adherent treated-cells (lane A) or in control cells (lane Ve). The same results were obtained at different times and/or concentrations of PTX (results not shown). Under the same experimental conditions, CABA-PTX cells did not undergo apoptosis ( Figure 1A ).
Effect of PTX on Cer and SM levels in CABA I and CABA-PTX cells
Cer is a mediator of apoptosis induced by anti-tumour drugs in a number of cell models. To assess whether PTX treatment might affect Cer production, we performed metabolic steady-state radiolabelling with [3- 3 H]sphingosine in CABA I and CABA-PTX cells. After labelling, cells were treated with 2 µg/ml PTX for 72 h.
Cell lipids were extracted from control and treated CABA-PTX cells, from control CABA I cells and from adherent and floating PTX-treated CABA I cells. The total lipid extracts were subjected to a two-phase partitioning to allow the separation of an organic phase containing Cer, SM and neutral glycosphingolipids, and of an aqueous phase containing gangliosides. Organic phase lipids were separated by HPTLC and quantitatively analysed by digital autoradiography. The patterns of radioactive lipids present in the organic phase obtained from the lipid extract from CABA I and CABA-PTX cells is presented in Figure 2(A) . To allow a better resolution of Cer, the organic phase lipids were separated by HPTLC using a solvent system that left all of the more hydrophilic lipids at the origin ( Figure 2B ). The radioactivity associated with each lipid species was quantitatively determined and is reported in Table 1 . Treatment of CABA I cells with PTX increased the Cer levels in floating cells compared with untreated cells or adherent cells. Cer levels in floating PTX-treated cells were approx. 2-fold higher than in untreated cells. In floating PTX-treated CABA I cells, SM levels were decreased in parallel compared with untreated or adherent cells. In the case of CABA-PTX cells, the Cer level was significantly lower than in CABA I cells and was very similar to treated and control cells. PTX treatment in these cells also left SM levels unchanged.
In order to further evaluate the extent of Cer involvement on the effect of PTX on both CABA cell lines, we examined the cellular response to the addition of exogenous C 6 -Cer. The cytotoxic effect of C 6 -Cer at different concentrations for 48 h of exposure was evaluated, and the IC 50 for C 6 -Cer in CABA I cells was 20 µM and 35 µM in CABA-PTX resistant cells respectively.
Metabolic mechanisms of PTX-induced Cer production
PTX treatment decreases SM levels in CABA I cells ( Table 1 ), suggesting that PTX-induced Cer production is due to SM hydrolysis. Thus we measured the activity of acid SMase and neutral SMase in CABA I and CABA-PTX cells treated or untreated with PTX. As shown in Figure 3 , treatment of CABA I cells with PTX produced a 6-fold and 3-fold increase in the in vitro activity of acid SMase (A) and neutral SMase (B) respectively in floating cells compared with control-untreated cells or adherent cells. In the case of CABA-PTX cells, the in vitro activity of acid SMase and neutral SMase was not affected by PTX treatment (Figure 3 , lane 5).
We investigated the effects on PTX-induced apoptosis by the use of specific inhibitors of SMases. When cells were exposed to 2 µg/ml PTX after a pre-treatment of 30 min with 10 mM GSH, 1 µM ManA [22] or 20 µM GW4869 [23] , all of which are inhibitors of neutral SMases, no effect was observed on PTXinduced apoptosis (Figure 4) .
When CABA I cells were incubated for 30 min before PTX treatment with 20 µM monensin, 50 µg/ml D609 [24] or 50 µM IMP [25] , all inhibitors of acid SMase, the apoptotic effect of PTX Table 1 was drastically decreased (Figure 4) , suggesting that Cer involved in PTX-induced apoptosis in CABA I cells is generated by acid SMase. The involvement of the de novo pathway was excluded by pretreatment with 50 µM FB1, an inhibitor of Cer synthase. No anti-apoptotic effect was observed after PTX treatment (Figure 4) .
Effect of PTX on sphingolipid composition in CABA I and CABA-PTX cells
To evaluate whether the acquisition of PTX resistance might be linked to an altered sphingolipid metabolism, we analysed the levels of all radioactive sphingolipids present in CABA I and CABA-PTX cells after metabolic labelling with radioactive sphingosine. The patterns of organic phase sphingolipids after HPTLC are shown in Figure 2(A) . The levels of all neutral glycosphingolipids {including GlcCer, LacCer [β-Gal-(1 → 4)-β-Glc-(1 → 1)-Cer] and globosides} were similar in CABA I and in CABA-PTX cells, and they were not significantly altered by PTX treatment (Table 1 ). The only exception was presented by globosides, which were decreased in CABA I cells that were detached after PTX treatment.
The amount of radioactivity associated with the aqueous phase (gangliosides) was much higher in CABA I than in CABA-PTX cells, independently of PTX treatment ( Table 1) . The ganglioside patterns present in the aqueous phase from both cell lines are shown in Figure 5(A) . In CABA I cells, at least 5 major radioactive bands co-migrating with standards GM3, GM2, GM1, GD3 and GD2 were evident ( Figure 5A, lane 1) . In striking contrast, the ganglioside pattern in CABA-PTX cells was much simpler ( Figure 5A , lane 5), with 2 main bands co-migrating with standards GM3 and GD3. Bacterial sialidase treatment of the aqueous phase from CABA-PTX and CABA I cells led to LacCer as the only hydrolysis product ( Figure 5A, lanes 2 and 6) ; moreover CABA I cells showed the presence of GM2, probably formed after hydrolysis of GD2. From these results we can conclude that the doublet band co-migrating with the GM3 standard that is detectable in both cell lines is indeed authentic GM3, and that the lower band in CABA-PTX cells is authentic GD3. GM3 represented about 22 % of total gangliosides in adherent untreated and PTXtreated CABA I cells. PTX treatment induced a slight increase in the levels of GM3 in floating treated-CABA I cells ( Figure 5A , lane 4) compared with adherent untreated or treated cells. In PTX floating treated-CABA I cells GM3 increased to 34 % of total gangliosides. In CABA-PTX cells, independent of PTX treatment, GM3 was by far the major cell ganglioside (approx. 56 % of total gangliosides). On the other hand, the amount of radioactivity associated with gangliosides other than GM3 (mainly represented by GD3) in CABA-PTX cells was approx. 4-fold lower than in CABA I cells. Further characterization of the ganglioside mixtures from CABA I and CABA-PTX cells was accomplished by twodimensional thin layer chromatography. Remarkably, no alkalilabile gangliosides were present in the aqueous phase obtained from CABA I and CABA-PTX cells ( Figure 5B) . In order to understand the possible mechanisms responsible for the observed differences in sphingolipid levels in CABA I and CABA-PTX cells, the mRNA expression of the enzymes GCS, GM3S and GD3S was evaluated in drug-sensitive and drugresistant cells by real-time PCR assay. For all enzymes tested, resistant cells showed mRNA levels similar to those of CABA I cells (results not shown), suggesting that Cer glycosylation is not involved in PTX resistance in CABA cells. Furthermore, since ceramidases have been implied as possible regulators of cellular Cer levels [26] , we measured in vitro ceramidase activity at acid, neutral and alkaline pHs in CABA I and CABA-PTX cells using [1- 3 H(sphingosine)]C 16 -Cer as substrate, without any significant difference between the sensitive and resistant cells (results not shown).
DISCUSSION
PTX is an anti-neoplastic agent that is clinically available for the treatment of a variety of solid tumours, including ovarian carcinoma [1] . Resistance to PTX has been observed and it represents a major impediment to the successful use of this agent in cancer treatment [27] . However, the exact mechanisms by which druginduced apoptosis and resistance are accomplished have not been clearly defined.
We have previously described the derivation of a new stable PTX-resistant human ovarian carcinoma cell line, CABA-PTX, from a parental cell line CABA I, that represents a useful in vitro model to investigate the mechanisms of PTX multifactorial acquired resistance in ovarian cancer. Despite the observation that drug resistance in tumour cells is often associated with the overexpression of MDR proteins, in CABA-PTX cells the level of these proteins is very similar to that in parental cells [4] .
In the present study, we showed that the cytotoxic effect of PTX in CABA I cells is due to an apoptotic mechanism, and we have identified Cer as the mediator molecule in PTX-induced apoptosis of these cells. This finding is in agreement with the undisputed link between Cer and sensitivity to anti-tumour drugs that is emerging in the literature. Cer generation during anti-tumour drug-induced apoptosis can be accomplished by SM hydrolysis due to the action of acid SMase and/or neutral SMases [28] or by the activation of Cer-synthase [29] . In CABA I cells, cellular Cer elevation upon PTX-induced apoptosis is accompanied by a decrease in the cellular levels of SM. These changes in the Cer and SM content are concomitant with 6-fold and 3-fold increases in the in vitro activity of acid SMase and neutral SMase respectively. Incubation of CABA I cells with FB1 [30] (an inhibitor of Cer-synthase) or with inhibitors of neutral SMases [22, 23] did not affect PTXinduced apoptosis. On the other hand, different inhibitors of acid Smase [24, 25] were able to prevent the onset of apoptosis by PTX treatment in CABA I cells. Taken together, these data suggest that the generation of Cer that is responsible for PTX-induced apoptosis is due to the activation of SM hydrolysis by acid SMase. The second piece of evidence from our work is that PTXresistance is associated with a lack of increased cellular Cer upon drug treatment. In MDR cells, this seems to be due to increased GCS expression and/or activity [11] . In human ovarian carcinoma cells resistant to fenretinide [8] , with a resistant phenotype unrelated to MDR proteins, increased expression of GM3S leading to elevated cellular GM3 levels could represent another metabolic mechanism to remove Cer by converting it into glycosylated metabolites.
However, in CABA-PTX cells the expression of GCS and the levels of GlcCer and other neutral sphingolipids were identical to those in CABA I cells. The total ganglioside content was indeed lower in drug-resistant than in drug-sensitive cells, whereas GM3 levels and the expression of GM3S and GD3S were similar in the two cell lines. Thus we can conclude that in these cells, removal of Cer by enhanced glycosylation is not the mechanism underlying the acquisition of drug resistance.
On the other hand CABA I and CABA-PTX cells differ greatly in their ganglioside composition. The total ganglioside content is approx. 2.5-fold higher in sensitive than in resistant cells, whereas the GM3 content is almost identical. CABA I and CABA-PTX gangliosides are alkali-stable, excluding the differential expression of alkali-labile O-acetylated gangliosides, a proposed mechanism to regulate apoptosis in tumour cells [31] . Greater changes in the expression patterns of gangliosides were observed in MDR cells, such as 2780AD human ovarian carcinoma cells [12] and neuroblastoma cells [14] . Complex sphingolipids in the cell membrane are organized together with selected proteins into multimolecular assemblies that can be isolated as detergent-insoluble low density material (reviewed in [32] ). These membrane structures are regarded as complex organizers of protein-lipid interactions involved in signal transduction. Thus changes in cellular sphingolipid composition could affect several different properties of the tumour cell that require the organization of cell membrane components into detergent-insoluble membrane domains, contributing to the onset of resistant phenotypes. Acid and neutral SMases are activated by PTX in drug-sensitive cells, but are not affected in resistant cells, and our data suggest that the regulation of SMase activity is likely to be responsible for the lack of apoptosis due to raised cellular Cer levels in this resistant phenotype. Both neutral [33] and acid SMases [34] have been reported to be enriched in detergent-insoluble membrane domains, and it has been suggested that these membrane areas could represent the cellular site where the generation of Cer signalling occurs [35] . Interestingly, it has been recently shown [36] that cisplatin induces clustering of CD95 into detergentinsoluble membrane domains in human colon cancer cells, and that acid SMase is required for this event. Therefore we can hypothesize that altered sphingolipid composition associated with drug resistance in tumour cells might be responsible for the negative modulation of SMase(s) activity at the level of detergentinsoluble membrane domains. A greater understanding of the mechanisms responsible for the changes in ganglioside composition in the resistant cell line is needed to define the mode whereby SMases activity is modulated upon the acquisition of the resistant phenotype. A possibility is that the expression levels or activity of key enzymes in glycosphingolipid biosynthesis are differentially modulated in CABA-PTX versus CABA I cells, as observed for GCS in MDR cells [10, 11] and for GM3S in fenretinide-resistant ovarian carcinoma cells [8] . Alternatively, we can hypothesize that trafficking of glycolipids along the biosynthetic pathway in the Golgi is altered, as observed in MDR ovarian cancer cells [12] . 
